
N A S A  T i l C H N l C A L  NASA TM X- 52060 
M E M O R A N D U M  

t 

(PAGES) (CODE) 

L 
( C ~ ~ E G O R Y )  

m.f-5%60 : /  
tNASA CR OR T U X  OR I D  NUMBER) 

CESIUM-CESIUM CROSS SECTION AND 
THE LENNARD-JONES PARAMETERS 

by John W. Sheldon 
Lewis Research Center 
Cleveland, Ohio 

OTS PRICE 

XEROX $ / fl pld 
HICROFILH $ * 5 i i  m= 

- -  - - - - - - - - - -  
c 

TECHNICAL PREPRINT prepared for Thermionic Conversion 
Specialist Conference sponsored by the Institute of Electiical 
and Electronics Engineers 
Cleveland, Ohio, October 26-28, 1964 

, 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION WASHINGTON, D.C. 1964 



. 

CESIUM-CESIUM CROSS SECTION AND 

THE LENNARD-JONES PARAMETERS 

by John W. Sheldon 
Lewis  Research Center 

Cleveland, Ohio 

TECHNICAL PREPRINT prepared for 

Thermionic Conversion Specialist Conference sponsored by 
the Institute of Electrical and Electronics Engineers 

Cleveland, Ohio, October 26-28, 1964 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



CESIUM-CESIUM CROSS SECTION AND 

THE LENNARD-JONES PARAMETERS 

by John W. Sheldon 

Lewis  Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio 

Abstract 

The values of t he  Lennard-Jones parameters used by Robinson (Advanced 

Energy Conversion, 3, 1 9  (1963)) i n  h i s  computation of t h e  t ransport  proper- 

t i e s  of cesium vapor are used t o  compute t h e  cesium-cesium t o t a l  s ca t t e r ing  

cross section. The r e s u l t  gives good agreement with beam 

It i s  well 

so l id  density. 

t o  estimate gas 

kncwn t h a t  t h e  diameter of an atom may be estimated from the  

The corresponding hand-sphere atomic cross sect ion may be used 

thermal conductivity, v i scos i ty ,  and d i f fus ion  coef f ic ien t  . 1 

Such estimates have been made f o r  cesium by severa l  workers 'j3. 

rigorous procedure has been detai led by Hirschfelder,  e t  a1 . The differen-  

t i a l  sca t t e r ing  cross sect ion obtained from an appropriate in te rac t ion  poten- 

t i a l  i s  used t o  compute the  t ransport  cross section. The values of t he  

parameters i n  t h e  in te rac t ion  poten t ia l  are obtained from t h e  atomic s t ruc-  

ture. 

t ranspor t  propert ies  of a cesium vapor by t h i s  procedure and achieved 

reasonable agreement with experiment . 

A more 

4 

Robinson5 has used a Lenmd-Jones (12-6) po ten t i a l  t o  compute the  

6 

The appl ica t ion  of hard-sphere theory t o  the  highly polarizable cesium 

atom i s  ce r t a in ly  open t o  question. The usual j u s t i f i c a t i o n  for t he  hard- 

sphere approach i s  t h a t  r e l i a b l e  values of t he  parameters i n  the  Lennard- 

Jones po ten t i a l  are not avai lable .  "he purpose of t h i s  note i s  t o  lend 

credence t o  t h e o r e t i c a l  Lennard-Jones parameters f o r  cesium-cesium 

in te rac t ions .  'J-M X-52060 
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4 The Lennard-Jones in te rac t ion  po ten t i a l  V ( r )  i s  given by 

where t h e  parameter 0 is  t h e  separation, r, at which the  inverse 12th 

repuls ive po ten t i a l  i s  j u s t  balanced by the  inverse 6th a t t r a c t i v e  

poten t ia l .  The dispersion parameter, E, gives the  depth of t h e  po ten t i a l  

we 11. 

Since the  sca t te r ing  of thermal atomic beams is  dominated by t h e  a t t r a c -  

t i v e  port ion of t h i s  po ten t ia l7 ,  then 

7 Using t h i s  po ten t i a l  i n  t h e  Massey-Mohr approximation y ie lds  t h e  following 

value for Q, t h e  t o t a l  s ca t t e r ing  cross section: 

where &I i s  Planck's constant divided by 2.sr and v i s  the  r e l a t i v e  

ve loc i ty  of t he  co l l id ing  atoms. 

6 9 The dispersion energy constant, 4 ~ a  , has been computed by Fontana 

t o  be 2. 2x10-57 erg-cm6 for a cesium-cesium interact ion.  

11 and Bernstein's'O out l ine  f o r  t he  appl icat ion of S la t e r  and Kirkwood's 

procedure, 3 . 4 3 ~ 1 0 - ~ ~  erg-cm6 i s  obtained for t he  dispersion energy con- 

s t an t .  

Following Rothe 

Using a mean value of 2 . 8 1 ~ 1 0 - ~ ~  erg-cm6 i n  equation (3) y ie lds  

where v i s  given i n  cm/sec. 

When an atomic cesium beam emitted from an oven at  450' K i s  scat tered 

by cesium vapor a t  about 340' K, the  mean r e l a t i v e  ve loc i ty  of t he  pa r t i c l e s  
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4 i s  approximately 3.7~10 

t h e  r e l a t i v e  ve loc i ty) .  

cm/sec (using the  

Equation (4) then 

method of r e f .  10 t o  estimate 

gives 
2 

Q(3.7~10~ cm/sec) = 2150 2 
2 

Estermann, e t  a l l2  experimentally obtained a value of 2350 1 
temperatures. 

f o r  these 
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